Metastatic basal cell carcinoma (BCC) cases are rare and clinically challenging. We are reporting two such cases, which were seen at a short interval from one another, in order to outline and compare case features indicative of an aggressive BCC. Furthermore, we wish to discuss the role and delivery of radiation therapy in the treatment of this disease in the metastatic setting, including the use of stereotactic ablative radiotherapy. Finally, we address the use of vismodegib as it was made in these cases.
Introduction
Basal cell carcinoma (BCC) is the most common form of cancer in Canada, representing, together with squamous cell carcinoma of the skin, an estimated 81,700 new cases in 2013 [1] . However, it is seldom metastatic, with fewer than 300 cases worldwide reported in the literature between 1981 and 2011. In metastatic patients, one-third have pulmonary disease and one-fifth have bone metastases [2] . Due to this rarity, the literature on the treatment of this disease has consisted mostly of case reports before the publication of the vismodegib trial. In this article, we are reporting two rare cases of patients who presented with oligometastatic BCC. The choices of local and systemic treatments are presented and discussed. Informed patient consent was obtained for both patients. All identifying information has been suppressed in order to maintain patient confidentiality.
Case Presentation Case one
A 31-year-old patient presented with a cutaneous lesion extending from the left retroauricular region to the base of his scalp, as well as the posterior ear lobe. A biopsy revealed the lesion to be a BCC, and it was resected in February of 2002, two to three years after the patient first noticed it. At this point, it was 20 to 25 centimeters wide. The lesion was infiltrative and nodular, and surgical margins were positive.
A first relapse in the summer of the same year led to a second resection and skin graft. The operative margins were free of disease. In the years that followed, he underwent several additional surgeries due to relapses, with resections extending towards his left ear. In 2006, after a surgery that left behind deep positive margins, he was referred to the radiation oncology department where it was recommended that he should undergo adjuvant radiotherapy. The pathology report at this time described an extensive infiltration of the tissues by the BCC. Due to his young age, however, the surgery team decided with the patient to avoid radiotherapy and surgically remove the residual disease. Five additional resections took place between 2008 and 2011, reaching the left side of the face, the mastoid process, and the inner ear canal, as well as the parotid with damage to the facial nerve. A change in the subtype of BCC was noted in 2008, going from a nodular type, to an infiltrative and basosquamous one. This last feature remains present in most of the subsequent specimens. In 2011, the interdisciplinary oncology team decided to go forth with an adjuvant treatment of radiation as the margins were persistently positive. He received 60 Gy in 30 fractions to the left parotid and neck region, delivered by tomotherapy. Treatments took place between October and November of 2011 and were welltolerated by the patient. However, prior to the treatments, a scan of the neck revealed pulmonary lesions at the upper lobe of the right lung. A PET scan was performed, which confirmed the presence of three hypermetabolic lesions: one in the right lung and two bone metastases at the L5 vertebral body and the right ilium. Biopsies were carried out in the spine and the lung, and immunohistochemical analysis confirmed that these were in fact metastases of a BCC.
The lumbar metastasis was addressed by stereotactic ablative radiotherapy (SABR) of 24 Gy in two fractions in December of 2011. The patient was also included in the STEVIE research protocol, a single-arm, openlabel, international study, in which he was treated with vismodegib, an inhibitor of the Hedgehog signaling pathway (protocol #MO25616) [3] . He received his first dose in January 2012. The regimen consists of a once-daily oral dose of 150 mg. This patient presented some drug-induced toxicities, but overall, the treatments were well-tolerated. These consisted of alopecia, dysgeusia, fatigue, muscle cramps, and dyspnea, though all were reported as mild in their severity. The pulmonary metastasis was not treated at this time, as it was asymptomatic and would serve to evaluate tumor response to vismodegib.
Vismodegib therapy was maintained, and follow-up scans demonstrated a stability of all lesions until that of July 2013, which showed that the vertebral lesion was stable, but there was progression of the pulmonary nodule. This right upper lobe lesion was treated by SABR and 60 Gy were delivered in five fractions. At this time, vismodegib treatments were put on hold for three weeks. No radiation-induced toxicity was reported. A thoracic scan in November 2013 showed complete regression of this nodule.
Unfortunately, in November of the same year, he presented neurological symptoms that led to the discovery of a relapse at the L5 vertebral body. He underwent surgical excision of the tumour and instrumental fusion of vertebras L4 to S1. This was followed by a second stereotaxic irradiation of L5: 30 Gy was delivered in five fractions, with 80% of the mass intentionally receiving 35.6 Gy and 60% receiving 38 Gy in order to maintain adequate doses administered to the surrounding organs at risk (Figure 1 ). This treatment ended December 13, 2013, with no early or late adverse effects noted. At this time, vismodegib was ceased and a treatment of cisplatin and 5-FU was initiated.
FIGURE 1: Stereotaxic reirradiation of L5: 30 Gy in five fractions.
This technique allowed for dose escalation to the residual mass.
A PET-scan obtained in April 2014 showed no evidence of hypermetabolic activity at L5, nor at the site of the treated pulmonary lesion. No relapse has been noted at the site of primary disease.
Case two
A 33-year-old patient presented with what she described as a skin tag above her right breast. It was first discovered in 2001 and was resected the same year. Unfortunately, as this was done in a private cabinet, the specimen and pathology report were irretrievable. The skin was clear until 2006, when a small lesion reappeared. It grew progressively larger until she sought a medical opinion in April of 2013. It was biopsied and revealed to be a BCC with morpheaform and infiltrative features (Figure 2) . At that time, it measured close to 13 cm in diameter. It was resected one month later. Upon pathological analysis, it was found to invade the hypodermis and the deep margins were positive. An unusual pathological feature in this case was the presence of lymphovascular invasion. In July of the same year, she sought consultation for bilateral leg paresthesias, and a MRI revealed a single lesion located at T3, which had caused the collapse of the vertebral body, resulting in cord compression. The neurosurgical team performed a corpectomy of the lesion. Upon examination of the surgical specimen, the bony infiltration was found to be a metastasis of the basal cell carcinoma displaying nodular features. The paresthesias resolved. She was meant to be evaluated by the radiation oncology team for adjuvant radiotherapy, but failed to meet her first three appointments. She was finally seen three months after her surgery, at which time she was experiencing a relapse of her neurological symptoms. She was prescribed radiation treatments of 20 Gy in five fractions, delivered by a standard posterior field from T1 to T5. However, the patient did not attend her last session, thus receiving a total of 16 Gy in four fractions. There has been no relapse of neurological symptoms since the treatments in November 2013, and a MRI of the spine in April 2014 showed no evidence of relapse.
A complete work-up was done in July 2013. A chest scan revealed bilateral micronodules, as well as a 9 mm nodule in the lingula. A clinically evident supraclavicular adenopathy was measured at 12 mm. These findings were hypermetabolic on PET-scan. Consequently, the patient initiated vismodegib treatments, which by this time were available outside of a research protocol. A month later, her supraclavicular mass was barely palpable, and another month later, it had completely regressed. Vismodegib treatments were interrupted for a period of one month in March 2014 because the patient failed to undergo the pregnancy test required; she has subsequently been compliant. A thoracic scan was done in July 2014, which demonstrated that the pulmonary nodule situated in the lingula was smaller: 11 x 7 mm versus 11 x 10 cm in December 2013.
Discussion
Adjuvant radiation therapy is widely recommended to reduce the local recurrence rate in high-risk patients [4] [5] . High-risk factors include a lesion larger than 2 cm, location in the mid face or ear, duration without treatment, a history of previous irradiation [6] , as well as irregular borders [7] . Additionally, the following are considered high-risk pathologic subtypes: morpheaform, basosquamous, sclerosing, mixed infiltrative, and micronodular [5] [6] . Immunosuppression has been described as a risk factor for metastasis in squamous cell carcinoma [8] , and, though there is no direct evidence to support it, it is thought to have the same significance in BCC. Of note, a retrospective analysis of 7,732 head and neck BCC treated at an academic center, published by Mulvaney, et al., demonstrated that BCC of the ear seemed to present as larger lesions, required more Mohs layers, and produced a larger final defect than non-ear lesions [9] .
Should our first patient have received adjuvant radiotherapy in 2006? His was a large, relapsing lesion with extensive tissue infiltration upon pathological examination. Studies suggest a local control rate of 2% to 6 % in recurrent BCC treated with Moh's surgery [10] [11] to negative margins, which does not support the necessity of adjuvant treatment based on recurrence only. Because of his age, the risk of secondary cancer, the surgical challenge to operate an irradiated site should he relapse, and the cosmetic results due to accelerated skin aging had to be taken into account. He did undergo adjuvant radiotherapy in November 2011 in the context of persistently positive margins and has since presented no evidence of local relapse. Of note, there is no data pertaining to the relationship between local control and the occurrence of distant metastases, such that one cannot conclude whether the course of this patient's disease would have been altered by earlier irradiation.
Interestingly, both patients had an aggressive form of BCC, displaying either morpheaform or basosquamous features. In the case of the first patient, it appeared in the primary lesion several years after the initial resection and was present in the pulmonary metastasis. Although basosquamous carcinoma represents less than 3% of non-melanoma skin cancers, several retrospective analyses have outlined its more aggressive clinical course and consider it to have a distinctly worse prognosis than other forms of BCC, with a metastatic rate of at least 5% [12] . The appearance of this feature must therefore be seen a sign of aggressive transformation. In the second case, morpheaform features were present at diagnosis. Lesions of this subtype have previously been reported as having deeper invasion, higher rates of incomplete excision, and more frequent recurrences [13] . Data pertaining to the metastatic rate of this subtype are, however, too scarce to determine whether it is more likely to spread distantly. Perhaps this locally aggressive behavior and poorer local control allow more time for the development of metastases, or it may be inherently more aggressive and likely to metastasize. Another unusual pathological feature in the second patient's specimens was the presence of lymphovascular invasion, which is uncommon in BCC. Though, to our knowledge, there is no literature on the prognostic value of this feature, it should most likely be considered unfavorable.
As there is only anecdotal data pertaining to doses delivered to metastases from BCC, radiation regimens were extrapolated from other pathologies. In the case of the first patient, the dose delivered to the pulmonary lesion represents the curative dose given with SABR to non-operable, early-stage, non-small cell lung cancer (NSCLC) tumors in our center. As for the spinal lesion, we chose to treat with SABR rather than a standard posterior field, as this allows higher accuracy and steep dose fall-off, and its efficacy in local control and pain relief is being increasingly demonstrated [14] . However, there are insufficient reported cases of metastatic BCC treated with SABR to conclude that this is more efficient than conventional palliative radiotherapy, which is to be weighed against the increased cost and complexity of the delivery of such a treatment. Though the median survival after diagnosis of metastases is 10 months, the survival range goes up as high as 108 months [2] . As oligometastatic BCC disease evolves slowly over several years, we believe that providing high doses, while minimizing toxicities and allowing the possibility of safe retreatment, is of particular importance. SABR should be considered in such cases, and further investigation is warranted. The same approach would have been attempted for the second patient's spinal disease, but her poor compliance led us to choose a standard approach, as this is what was available on the day she came for her consultation. Another question is whether the initial spinal dose given to the first patient, 24 Gy in two fractions, was sufficient, as it did not in this case provide durable tumor control. Is metastatic BCC disease more resistant, and what should the minimal dose be? If we compare to a well-known radioresistant tumor type, the local control rate of spinal metastases from renal cell carcinoma treated by SABR to similar doses is 80% one year after treatment [15] .
A promising avenue in the treatment of metastatic BCC is targeted systemic therapy. In a Phase II study of vismodegib, the first Hedgehog signaling pathway targeting agent to gain U.S. Food and Drug Administration (FDA) approval, 33 metastatic patients were enrolled. Ten of these presented a favorable radiologic response to treatment [16] . Both our patients responded clinically and radiologically. However, the first patient progressed approximately 18 months after initiation of this therapy. A resistance phenomenon following response to vismodegib has been observed [17] . This indicates the existence of a mechanism of secondary resistance, which has yet to be completely elucidated. This warrants further research for alternate molecular targets and the development of targeted therapies that may be used after development of resistance to a Hedgehog inhibitor, or concomitantly with it, to prevent this phenomenon.
As the use of this drug becomes more widespread among metastatic and advanced non-operable BCC, perhaps we can ask the question of whether this drug could also act as a radiosensitizer and be used in concomitance with radiotherapy in order to potentiate tumoricidal activity. Though no human trial has taken place to date, a study has evaluated the combined effects of a targeted Hedgehog inhibitor and radiation on mouse models. They used NSCLC human xenografts and murine-inducible transgenic models, and the Hedgehog inhibitor enhanced radiation efficacy and delayed tumor growth in both [18] . The safety and toxicity profile of such a combination has yet to be documented. Though few BCC patients develop metastases, this disease can prove to be aggressive and challenging to manage. It is crucial to identify disease characteristics that allow us single out these high-risk patients early in their disease progression. In locally advanced and metastatic cases, new systemic therapeutic options are under investigation and are being incorporated into the management strategy. As early data indicates the emergence of secondary resistance to vismodegib, further research into alternate targeted therapies, as well as possible concomitant regimens, is needed. In managing oligometastatic BCC patients, one should always keep in mind the slow progression of the disease and choose treatment options, such as SABR, which may favor better long-term control.
Conclusions
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